The textural and geochemical studies of Wular Lake sediments from Jammu and Kashmir, northern India have documented several attention-grabbing processes that operate during weathering, transportation, and deposition. Investigations have revealed that physical weathering dominates over chemical weathering, resulting in enhanced rates of erosion and consequent deposition of huge amounts of detritus into the lake. The lake sediments and source rock chemistry are comparable, indicating low to moderate weathering history of the source region, which is consistent with cold regions and steep slope areas. Unusual enrichment of Cr in the sediments compared to source rocks signifies a process of sediment-water interaction where Cr is removed from water and preferentially adsorbed onto the clay fraction of sediments.
Introduction
Wular Lake, the largest freshwater lake in India, is located 34 Km northwest of Srinagar city in Jammu and Kashmir at an altitude of 1580 m msl. The lake provides livelihoods to a population of 10,964 households in 31 villages along the shoreline. It also provides important habitats for migratory water birds within Central Asian Flyway. Owing to the importance of the wetland to the biodiversity and socio economic values, the Wular Lake was designated as a Wetland of International Importance under Ramsar Convention in 1990. In the current study we present the results based on geochemical data of lake sediments. The geochemistry of sediments has been extensively used by many workers, mainly to understand various geological processes and climate control responsible for providing sediments to several basins. The present work is mainly aimed at examining the major and trace element geochemistry of Wular Lake sediments primarily to investigate the processes that control sediment geochemistry with a specific focus on weathering processes, effect of climate and relief on these processes, influence of oxidation and reduction reactions and sediment-water interaction.
Geological Setting and Analytical techniques
The Wular Lake lies in an intermountain Kashmir Valley, bounded by Pirpanjal ranges in SW and Higher Himalayas in NE. The Panjal Traps and limestones form the major source rocks for the sediments that drain into the lake through rivers and streams, namely Jhelum River, Madumati and Erin streams. Sampling was carried out with the aid of a boat from all parts of the lake and efforts were made to collect fresh samples. The pH of lake waters, determined in all seasons, shows a range from 7.5 to 8.95, depicting their alkaline nature throughout the year. Textural analysis revealed that most of the sediments are fine to medium textured clay-silt sediments with the total percentage of clay-silt fraction ranging up to 80%. In samples collected far from drainage input (for e.g. WLS-2), a consistently higher content of clay and silt particles characterized these sediments, indicating that the sediments transported and deposited by drainage waters mainly consisted of small size particles (< 20 µm) and clay may have been accumulated over the years. This additional clay, seems do not represent the most recent weathering product rather it shows the precedent detritus history. Obviously, sampling of this would result in high clay content and high Al 2 O 3 that ultimately leads to high Chemical Index of Alteration (CIA) values. The substantial variation witnessed in the CIA values of the lake samples (from 46 -72) may be attributed to this reason, i.e. modern vs. past weathering (see below for further discussion on this).
The samples were analysed for major and trace elements using SEIMENS SRS 3000 Sequential X-ray Spectrometer at the Wadia Institute of Himalayan Geology, Dehradun, India. Several in-house (DG-H, MB-H) and international standards including JG-1, JG-2, SCO-1, GSD-9 were used during analysis. The precision and accuracy for major elements are within 1% and 5-10% for trace elements.
Geochemistry and Discussion
Major and trace element composition of the lake sediments is more or less similar to the upper continental crust (UCC) values given by Taylor and McLennan [1] with minor depletion in alkalis and alkaline earth elements, particularly Ca and Na (Table 1) . The Wular lake, being formed in the intermountain setting, receives huge amount of sediments from the surrounding hills which consists of mafic volcanic rocks (Panjal traps), Karewa sediments and associated carbonates. Plio-Pleistocene Karewa sediments are classified as lacustrine origin (Singh [2] ) which were deposited in a lake (known as Karewa Lake) thought to be existed during past. Systematic stratigraphic and sedimentological investigations by many geologists led to the conclusion that Karewa sediments have been derived mainly from the then occurring Paleozoic Panjal traps. This in turn strongly suggests that the Panjal traps form the essential primary source for both Karewas and Wular Lake sediments. Therefore in the ongoing discussion, the composition of Wular Lake sediments is compared with Panjal volcanic traps of Kashmir region. When compared to source rocks, the Si and Al contents of lake sediments show very minute change, some of the values even remain unchanged. Whereas it can be noticed from the geochemical data of the Wular Lake sediments that K 2 O is relatively high when compared to source rock average values indicating that K + , a large cation is retained on to the clays in preference to other elements. Whereas, Mg, Ca and Na concentrations of the samples, which may have resulted primarily from the breakdown of pyroxenes, amphiboles and plagioclases, (the dominant minerals of the source rocks), show remarkable depletion compared to source rocks. Although the element Iron also behaves very similar to the above discussed elements, its depletion has some additional implications because of its oxidizing nature. The Fe, after getting into solution as carbonate, becomes iron carbonate and this oxidizes to Haematite or Limonite, which are colouring matter of rocks, and will remain as insoluble residues for a time in place, forming part of the regolith, but ultimately they are also carried into the lake through rivers. This seems one of the most probable reason that can explain brown and red colour of the surrounding region of the lake. In contrast to its behaviour, depletion trend of Ti compared to source rocks is exhibited by Wular Lake sediments (Table 1) , which may better explained as its retention in the source or partial or selective decomposition of Ti-bearing minerals (for e.g. sphene) in the source region. Further, such variations in the samples can also be mainly accounted for in terms of climate (temperature) change in their provenance. As compared to source rocks, the increased Ba contents (up to 550 ppm) in the sediment samples corresponds to alteration of hornblende and biotite and its preferential retention on the clays rather than accumulating in lake waters. The transition metals, Ni and Co abundances of the sediments are [3] ) in the source should result in the increasing concentrations of Cr in the sediments. However, anomalous increase in Cr contents of the sediments signifies that a process involving sediment-water interaction has probably resulted in the substantial increase in Cr amount. Several studies (Bradl [4] ) have convincingly argued that Cr in the solution is reduced from unstable Cr(VI) to stable Cr (III) at different pH conditions and preferentially adsorbed on to clay minerals, particularly ferruginous smectites, illites, and chlorites. Seasonal mean pH fluctuations shown by Wular Lake water are restricted to the values ranging between 7.6 and 8.6, maintaining a trend of alkalinity throughout the year. This is in accordance with the inference that Cr addition in the sediment samples resulted by the removal of Cr from the solution (or lake waters) and retained on clays as adsorbed particles; particularly clays containing Fe (II) may have effectively removed soluble Cr from solution.
The weathering history of any rock is best explained by using chemical index of alteration proposed by Nesbitt and Young [5] . The CIA is calculated, using molecular proportions, as CIA = Al 2 O 3 / [Al 2 O 3 +CaO*+Na 2 O+K 2 O]*100, where CaO* represents that residing only in silicate minerals. The CaO* contents of the Wular Lake samples were calculated after adopting the correction procedure given by McLennan [6] . The CIA values (= 46 to 72) of the Wular Lake sediments indicate low (recent) to moderate (past) chemical weathering of the source rocks, which are consistent with the prevailing climate in the area. It is a well-established fact that in cold climatic regions, chemical weathering is less when compared to physical weathering, thus this study presents a classical example of climate control on weathering.
